We surveyed the prevalence of quill mites in wild passerines captured in Wielkopolski National Park, Poland. A total of 438 birds of 12 species were mist-netted during three consecutive spring seasons from [2006][2007][2008] In four cases, multiple infestation was observed, where one bird species was parasitized by 2-3 species of quill mites occupying separate niches in the plumage of the host.
Introduction
Mites of the family Syringophilidae are permanent, obligatory and host-specific (mono-or oligoxenous) parasites of birds. They are found in quills of a variety of types of feathers: primaries, secondaries, tertials, coverts, tail and body feathers (Casto 1974a, b; Kethley 1970) . Their transmission, according to Kethley's study (1971) on Syringophiloidus minor (Berlese) parasitizing the house sparrow Passer domesticus L., occurs only during two periods of life cycle of avian hosts: (i) during breeding season, where dispersal of quill mites is vertical from parent hosts to their offspring, (ii) during molting period, where mite transfer is from an old feather to a newly developed feather on the same host individual or from one host to another one. Thus, before these two critical events, quill mites must reproduce and rapidly fill the occupied quills with individuals ready to disperse. In S. minor, the percentage of full quills increases from November until June (Casto 1976) . It should be noted that only adult females disperse, whereas the males apparently never leave the quill (Kethley 1971) .
Previous surveys on prevalence and types of feathers occupied by quill mites parasitizing wild passerines provided limited information. The most exhaustive treatment was that of Casto (1976) . He reported prevalence of S. minor occupying the house sparrow P. domesticus in Texas. Other studies include reports about infestation the barn swallow Hirundo rustica L. from Italy, the northern shrike Lanius excubitor L. from Slovakia, and the long-tailed tit Aegithalos caudatus (L.) from Poland Skoracki and Hebda 2004) .
In the present study, we investigated prevalence, niche use, and multi-species occupation of quill mites in wild birds trapped in the Wielkopolski National Park in west-central Poland.
Materials and methods
Birds were mist-netted in forest habitats located within the middle of the Wielkopolski National Park in west-central Poland (52°17΄N; 16°50΄E) during spring months (April-June) in three consecutive years from 2006-2008. Each bird specimen was carefully examined for quill mites by cutting off particular feathers, after that the birds were released. Detailed examinations involved collection of the following feathers: one left primary, one right secondary, one greater covert, tail feather, and a sample of 10-20 feathers from the breast. Feathers from each bird specimen were fixed in 70% ethanol and stored until identification and then were examined individually by scanning under the Olympus compound microscope using × 7-20 magnification. When quill mites were observed, the feather was dissected under the microscope and individual mites were removed. Mites mounted for morphological examination were first cleared in lactophenol and then mounted on slides in Hoyer's solution, and investigated using an Olympus BH2 light microscope with DIC (interference contrast phase) optics. All the collected mite specimens were deposited in the collection of the Department of Animal Morphology, Adam Mickiewicz University in Poznań. Animal-care permition no. DLOPiKog. 4201/154/00.
Results
A total of 448 birds specimens belonging to 12 species were trapped and examined for the presence of quill mites. Eight (66.7%) bird species were found to be infested with syringophilids and twelve quill mite species were identified. The sample size for each bird species trapped in this study, quill mite species, prevalence, and various habitats (feather types occupied) are presented in Tables I-III. Quill mites from Erithacus rubecula (L.) This host was infested by two quill mite species of two genera which inhabited two types of feathers. Torotrogla rubeculi was found inside secondary feathers on four bird specimens (10.8%), whereas Picobia sp. nov. 1 parasitized three host specimens (8.1%), inside their body feathers. The total number of birds (n = 37) infested by quill mites was 6 (16.2%), among them one bird specimen was co-infested by these two quill mite species (2.7%). To this time only T. rubeculi has been reported from E. rubecula (Skoracki 2004b ).
Quill mites from Turdus merula L.
The blackbird was infested by two quill mite species: Torotrogla merulae Skoracki et al., 2000 found inside the quills of secondaries on nine individuals (18.4%), and Syringophiloidus sp. nov. 1, found on four hosts (8.2%) inside covert feathers. The total number of birds (n = 49) inhabited by syringophilids was 11 (22.4%) among them two birds concurrently hosted S. sp. nov. 1 and T. merulae (4.1%). These both mite species are known to feed on blackbirds, however, the species of Syringophiloidus sp. nov. 1 was previously described as S. presentalis Mironov 1998, Skoracki 2004a) . Our examination of the collected material indicates that the mites found on Turdus merula and Sturnus vulgaris (type host for S. presentalis) belong to two different species, and mites from the blackbird should be described as a new species.
Quill mites from Turdus philomelos Brehm
Turdus philomelos was infested by Torotrogla merulae which was found on two bird specimens (10.5%) inside quills of secondaries. None of the birds examined was parasitized with Syringophilopsis turdus (Fritsch, 1958) , which has been previously recorded from this host species (Skoracki 2004b ).
Quill mites from Fringilla coelebs L.
This bird species was infested by three syringophilid genera occupying three microhabitats in plumage of the host species: Syringophilopsis kirgizorum Bochkov, Mironov et Kravtsova, 2000 was noted on 12 individuals (20.7%) and inhabited quills of primaries; Torotrogla gaudi Bochkov et Mironov, 1998 parasitized 11 host specimens (19.0%) and was found inside quills of secondaries; Picobia sp. nov. 2 occupied quills of body feathers only one chaffinch (1.7%). The total number (n = 58) of the chaffinch specimens infested by quill mites was 21 (36.2%), among them three birds were infested concurrently by T. gaudi and S. kirgizorum (5.2%). To date, two quill mite taxa were reported from the chaffinch: S. kirgizorum and T. gaudi Mironov 1998, Bochkov et al. 2000) . Picobia sp. nov. 2 is third parasite species parasitizing Fringilla coelebs. Quill mites from Sylvia atricapilla (L.)
The blackcap was infested only by Aulobia sylviae Bochkov et Mironov, 1998 found on two bird specimens (6.13%) inside the quills of secondaries. This is the only quill mite species known from S. atricapilla (Bochkov and Mironov 1998) .
Quill mites from Troglodytes troglodytes (L.)
In our studies we found only one winter wren from the total 14 trapped birds of this species parasitized by Neosyringophilopsis troglodytis (Fritsch, 1958) (7.1%) inhabited secondary feathers. This is the only quill mite species known from this host (Bochkov et al. 2001, Skoracki and Sikora 2005) .
Non-infested bird species
In our investigation, four bird species were not inhabited by sy- (14) 1 (7.1 ± 7.14)
N. troglodytis [S]
*B -body feathers, C -coverts, **co-infested host, P -primaries, S -secondaries.
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Discussion
Prevalence of quill mites. There is very little data about prevalence of quill mites in wild birds, which makes it difficult to interpret our observations, however, prevalences recorded in this study can be compared to results of poor records summarized in Table IV . Our studies show that the quill mites inhabiting wild passerines in Poland are characterized by the low index of prevalence (IP). Although our research was done during spring season where what little literature exists suggests that quill mites reach the peak of their density (Casto 1974b (Casto , 1976 , IP for particular quill mite species were at maximum no more than 38.9%. This indicates that syringophilids utilize only a small fraction of the available host individuals. Results of our investigations on prevalence of quill mites concerned particularly the wild and separately breeding hosts are comparable with these ones showed by previous researchers. High IP (82%) reported by Casto (1976) for S. minor parasitizing the house sparrow indicate that in social hosts, syringophilids have facilitated road to horizontal transmission from one mite-bearing individual to another one. Thus, quill mites inhabiting wild and Table III . Prevalence of quill mites on eight infested passerine species in the three consecutive years of the study (2006) (2007) (2008) non-social hosts without another possibility of dispersing other than from parents to juveniles, there are very limited chances of colonizing of new host individuals and in consequence the IP for these species is rather low. The lack of quill mites on four species and absence of records in world literature, may suggests that these bird species (and probably all these bird families) are not infested by quill mites. This fact might be an example of "missing the boat's rule" that is quill mites failed to colonize the ancestors of some lineages of their hosts.
Simultaneous infection and spatial niche dimensions. Mixed infection of 2-3 different quill mite species belonging to 2-3 different genera was reported by Kethley (1970) , although he not gave detailed examples. Two examples of simultaneous infection were recently recorded by Schmäschke et al. (2003) . They noted two mixed infections on individual host: Syringophilopsis turdus and Syringophiloidus sp. on one fieldfare Turdus pilaris L. (Turdidae) individual and the second Syringophilopsis kirgizorum and Syringophiloidus sp. found on two specimens of the greenfinch Carduelis chloris (L.) (Fringillidae). In our study we add five examples of simultaneous infections.
Moreover, all species which we found showed high degree of specificity to their occupying niche, except one case when A. buczekae species has been found in the body feathers -type habitat for P. sturni. Although birds offer many habitats which can be utilized by syringophilids (primaries, secondaries, coverts of wings and tail, and body feathers), for the most part, we observed that each species inhabits a distinct type of feathers in the plumage of their host. Other authors have argued that quill wall thickness and quill volume are the major factors limiting syringophilid species to particular feather types (Kethley 1971 , Casto 1974a , Kethley and Johnston 1975 . The data in this paper support these observations. Each species in our studies infested restricted niche in plumage of their hosts where these mites inhabits an optimal place for them. It is peculiar visible in the most of examples of multiple invasion where particular bird specimens is infested by 2-3 quill mite species always inhabited separate niches in plumage of the host (see Table  II ), and no one species was found in atypical habitat. It may be a consequence of desire of escape from competition between particularly species of quill mites. Consequently, the preference for the defined type of plumage and host specificity seems to be stable, consistent and be universal among syringophilid mites similar as for the most of parasites, but more researches must be done in order to test the generality of this pattern.
